National Park Service
U.S. Department of the Interior

Natural Resource Stewardship and Science

Resource Management and Operations in Southwest South

Dakota
Climate Change Scenario Planning Workshop Summary

January 20-21, 2016, Rapid City, SD

Natural Resource Report NPS/NRSS/NRR—2016/1289




ON THE COVER

Workshop participants worked collaboratively to examine possible scenarios under ongoing climate change to help inform
future management and planning decisions regarding American bison (top left), the badlands/grassland landscape (top right),
prairie dogs (center), paleontological resources (bottom left), black-footed ferrets (bottom right), and other topics. NPS photos.
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Abstract

The Scaling Climate Change Adaptation in the Northern Great Plains through Regional Climate
Summaries and Local Qualitative-Quantitative Scenario Planning Workshops project synthesizes
climate data into 3-5 distinct but plausible climate summaries for the northern Great Plains region;
crafts quantitative summaries of these climate futures for two focal areas; and applies these local
summaries by developing climate-resource-management scenarios through participatory workshops
and, where possible, simulation models. The two focal areas are central North Dakota and southwest
South Dakota (Figure 1). The primary objective of this project is to help resource managers and
scientists in a focal area use scenario planning to make management and planning decisions based on
assessments of critical future uncertainties.

This report summarizes project work for public and tribal lands in the southwest South Dakota
grasslands focal area, with an emphasis on Badlands National Park and Buffalo Gap National
Grassland. The report explains scenario planning as an adaptation tool in general, then describes how
it was applied to the focal area in three phases. Priority resource management and climate
uncertainties were identified in the orientation phase. Local climate summaries for relevant,
divergent, and challenging climate scenarios were developed in the second phase. In the final phase,
a two-day scenario planning workshop held January 20-21, 2016 in Rapid City, South Dakota,
featured scenario development and implications, testing management decisions, and methods for
operationalizing scenario planning outcomes.
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Figure 1. Map of Northern Great Plains area (solid black outline) included in the Scaling Climate Change
Adaptation in the Northern Great Plains through Regional Climate Summaries and Local Qualitative-
Quantitative Scenario Planning Workshops project. Two focal areas for the project (central North Dakota
and southwest South Dakota) are shown in black rectangles.
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Introduction

Uncertainties are inherent to planning around complex environmental issues (Gregory et al. 2012)
and are addressed by resource managers in a variety of ways. In recent years, awareness of the
largely uncontrollable uncertainty surrounding climate change, not knowing precisely when, where,
and how climate change effects will unfold, has had an increased influence in decision-making
(Peterson et al. 2003, Rowland et al. 2014). Understanding and working with uncertainties, especially
those arising from external drivers like climate change, will ultimately empower decision-makers to
take action now while planning for the future.

Scenario planning is a flexible tool that is useful for understanding potential climate change
implications and uncertainties in a way that is relevant to resource and landscape management.
Scenario planning facilitates decision-making by providing a structured process for building and
thinking about a range of possible futures that managers may face, in order to consider not just what
is likely, but also what is plausible, relevant, and highly consequential (Figure 2; NPS 2013). This
collaborative approach uses science at management-relevant scales and can include social and
political factors affecting decisions. The process encourages long-term science-management
partnerships by providing a setting to consider the breadth of uncertainty around climate impacts and
their interaction with other stressors, and the opportunity to explore a range of innovative responses.
Using scenarios as part of planning can offer benefits in the form of (1) an increased understanding
of key uncertainties facing resource management and operations, (2) the incorporation of alternative
perspectives into resource management planning, and (3) an improved capacity for adaptive
management to achieve desired conditions.

A crucial part of climate change scenario planning is - ] ]
assessing and understanding relevant climate Scenarios are stories about

uncertainties, which are expressed as the range of the ways that the world
results from projections for a variety of climate

variables. Although this range of projected futures
provides resource managers a realistic representation tomorrow...that can help
of the uncertainties about future climate, the volume

of information can be daunting for managers trying to

might turn out

us recognize and adapt to

incorporate climate change into their planning. Changing aspects Ofour
SC|en_ce parfmers can help managersf winnow down current environment.”
plausible climate futures by (1) asking and

determining which climate variables and aspects of -Peter Schwartz,

those variables are critical forces in shaping focal The Art of the Long View

resources, (2) evaluating uncertainty in these
variables from their ranges represented in climate projections, and (3) synthesizing coherent climate
summaries that cover a plausible range of futures for the key variables at the relevant spatial scale.



Climate summaries are made relevant to management by comparing climate projections to historical
climate trends and weather events, then determining the consequences of plausible future climates for
focal resources in the context of other stressors. NPS has developed and refined a qualitative scenario
planning approach focused on expert opinion and synthesis of pre-existing science (NPS 2013).
Managers are increasingly interested in using scenario planning for specific resource planning and
actions; quantitative simulations may better assess complex resource dynamics and potential effects
of management actions. The scenarios developed here for central North Dakota include both
quantitative model output and expert opinion (Rowland et al. 2014).

Forecast Planning Scenario Planning
One Future Multiple Futures

What we know today What we know today

Figure 2. Scenarios offer a range of plausible future environments (right panel) — not predictions (left
panel) — and provide a framework to support decisions under conditions that are uncertain and
uncontrollable. Graphics from Global Business Network (GBN).



Project Timeline and Process

To provide local-scale adaptation support, we focused our efforts on the plains of southwest South
Dakota in an area where land is managed by federal and tribal agencies, non-governmental
organizations, and private landowners (Figure 3). During an orientation phone call on April 30, 2015
we introduced the project to key management partners and identified additional information sources
and stakeholders. To create relevant scenarios and focus the workshop on pertinent management
concerns, we then met with a broader group of managers and scientists in a project orientation
meeting on August 24, 2015 at Badlands National Park. The scenario planning workshop took place
at Outdoor Campus West on January 20-21, 2016 in Rapid City, SD.
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Figure 3. Southwest South Dakota project focal area with counties (“Co.”) and municipalities (in italics) for
reference.



Management Concerns and Focal Issues

General management-related concerns expressed by managers during the orientation phase included
a wide range of topics. Extreme precipitation events and their erosion-related effects on
paleontological resources and infrastructure were one concern. Drought was also a concern due to its
effects on forage availability, longer-term grassland species composition, and indirect effects on
wildlife such as prairie dogs, black-footed ferrets, and bison (Amberg et al. 2012). Several other
factors that affect the character and viability of grasslands, livestock, and wildlife on this landscape
were discussed, including invasive species, fire, and range management practices (e.g., stocking rates
and the development of supplemental water sources). We also briefly discussed past and potential
future socio-political changes.

Orientation-phase participants identified three broad focal issues to address in the scenario planning
workshop: (1) archaeological and paleontological resources; (2) grassland vegetation composition
and productivity, bison and cattle grazing, and wildlife, particularly prairie dogs and black-footed
ferrets; and (3) park operations, including facilities and infrastructure.

Weather and Climate Effects on Erosion, Grasslands, and
Grazing

The scenario planning workshop included science presentations on climate context, key topics, and
management issues. Scott Rudge, National Weather Service, presented on the historical climate of
the focal area; Larry Stetler, South Dakota School of Mines and Technology, presented on erosion
processes in paleontological sites at Badlands National Park; Amy Symstad, U.S. Geological Survey,
presented on climate effects on grassland ecology; and Justin Derner, USDA Northern Plains
Regional Climate Hub, presented on climate variability’s effects on livestock grazing and economics.
Highlights from these presentations are summarized here.

The climate of southwest South Dakota is categorized as cold semiarid steppe, with annual
precipitation less than that of potential evapotranspiration, and characterized by hot and fairly dry
summers, cold and dry winters, spring-early summer precipitation peaks, and strong diurnal and
seasonal temperature variability (Figure 4). Interannual precipitation variability is also high.
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Figure 4. Historical temperature and precipitation patterns for the focal area. (Top) Normal and record
temperatures, overlain by observed 2015 temperatures, for the weather station at Interior, South Dakota.
(Bottom) Average annual precipitation for the whole state of South Dakota. Figures from S. Rudge.

Erosion is a central feature of the Badlands and is in part driven by climate, especially heavy
precipitation events (Stetler 2013). Changes in wet/dry cycles and erosion rates will affect the
weathering, deterioration and loss of archeological and paleontological resources (Figure 5).



Native grasslands in the region are influenced by
myriad biotic and abiotic factors, including
climate, grazing animals, fire, and non-native
species (Figure 6). All of the boxes and arrows
on the Figure 6 diagram are influenced by
various aspects of climate — precipitation,
temperature, wind, and the timing and magnitude
of meteorological and climate events.
Interactions among climate, soils, and
management actions including grazing, fire,
cutting, and seeding influence the specific plant
composition of grasslands (Figure 7).
Livestock production in the region is strongly
influenced by grassland composition and
Figure 5. Fossil tortoise shell in Badlands National productivity, and thus by precipitation (Figure
Park. Increased erosion rates, as may occur with ] . .
more intense rain events in the future, will 8). Appropriate stocking rates and economic
accelerate the exposure, weathering, and returns vary from year to year with grassland
destruction of paleontological resources. Image productivity. Enhanced accuracy of seasonal
from L. Stetler. C

precipitation and temperature forecasts could
inform stocking rates and other management actions and increase economic return.

Based on historical weather station data (1956-2015) from Interior, SD (station -
GHCND:USC00394184), annual average temperature ranged from 45.4 to 56.1 °F, with a mean of
50.5 °F, and annual precipitation varied from 10.6 to 27.1 inches, with a mean of 17.0 inches (Figure
9). Over this historical period, annual temperature exhibited a non-significant (p-value = 0.17)
increasing linear trend and annual precipitation showed a significant (p-value = 0.0003) increasing
linear trend, but substantial interannual variability.
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Interior, SD, weather station (GHCND:USC00394184). Light gray lines show annual values and bold
colored lines are 10-year running averages. Dashed lines are the simple linear regression trend lines
(temperature p-value = 0.17, precipitation p-value = 0.0003).

Average future climate projections for the Northern Great Plains indicate continued warming and
potentially more precipitation (Figure 10; Kunkel et al. 2013). However, projections vary among
individual models; climate projections for 2020-2050 summarized for the workshop span a range of
warming in annual temperature from +1.7 °F to +5.9 °F, and a range of annual precipitation change
from -13% to +20% (Figure 11). Additionally, seasonal shifts in precipitation patterns (type,
frequency, and intensity) and growing season conditions (onset, duration, and soil moisture levels)
vary among climate models. Given the range of future projections, planning for a single future is
highly unlikely to prepare a manager for what will actually transpire in the coming decades.
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Figure 11. Annual temperature and precipitation changes (upper panel), spring (April-June) precipitation
and last spring freeze date changes (middle panel), and changes in 1-day and 5-day heavy precipitation
events (lower panel) for individual climate projections. Data are downscaled from 18 CMIP5 Global
Climate Models (GCMs). Each GCM was run with a moderate (Representative Concentration Pathway
[RCP] 4.5) and business as usual high greenhouse gas emissions (RCP 8.5), and values shown in this
figure are for a grid cell centered in the bison range of Badlands National Park (climate data from
Reclamation 2013). Values are changes from 1950-99 to 2020-2050. Numbers in colored boxes are
projections selected for scenarios. The specific GCM projections chosen for scenarios are

; #13, csiro-mk3-6-0.1-rcp45; #4, bece-csm1-1.1.rcp85; and #28, miroc_esm-chem.1.rcp85 (see
Appendix 1 for full GCM names and methodological details). Box fill color corresponds with the color of
the climate scenario used throughout this document. Dashed lines indicate the median value for each
axis.
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Southwest South Dakota Climate Scenarios

We developed four climate scenarios for southwest South Dakota to explicitly consider important
uncertainties in near-term changes to heavy precipitation events, for their effects on erosion (Stetler
2013), and factors of growing season climate shown to be important to ecosystem productivity
(Rogler and Haas 1947, Smart et al. 2007). These climate scenarios are alternative climatic
conditions that could play out in the coming decades (2020-2050) and are characterized by four basic
qualities: plausible, challenging, relevant, and divergent (NPS 2013). The climate scenarios are
intended to specifically challenge managers’ thinking on implications for archeological and
paleontological sites, upland grasslands, wildlife, and park operations. These climate projections
were chosen because they are particularly challenging (i.e., at the hotter end of projections, Figure 11
upper panel) and to capture divergence (or spread) in management-relevant climate variables such as
annual precipitation, spring precipitation, the onset and length of growing season, and heavy rain
events (Figure 11 middle and lower panels). Climate projection data are from Reclamation (2013)
and are compared to a 1950-1999 historical baseline (Maurer et al. 2002); see Appendix 1 for
methods. Scenario descriptions, including text, figures (12-20), and a table (1) provided to workshop
participants are reproduced below.

Climate Scenario Descriptions (2020-2050)

EREtRERFIGT 2N aceesSI0MNER8E)l The warming trend of the past two decades continues, and
the magnitude of change for this scenario is at the high end of projections for mid-century. The
annual average temperature increases by more than 5.5 °F, with more warming occurring in winter
and summer (+6 to 7 °F) than spring and fall (+4 to 5 °F). Growing season length increases by about
30 days, but the average last spring freeze date stays about the same. Spring and annual precipitation
are essentially unchanged (-1 to -2%), though the spring precipitation peak is spread more evenly
over the April-June period than historically. This combination leads to the least change in soil
moisture of any of the scenarios. This scenario has the greatest percentage increase in the frequency
of 1-day extreme precipitation events (+90%), but the frequency of 5-day extreme precipitation
events is unchanged.

“Awfully Dry” (#13, csiro-mk3-6-0.1-rcp45). The increase in annual average temperature in this
scenario (+4.3 °F) is near the middle of model projections, and the greatest part of that warming
occurs during the growing season (June-September, +6 °F). Growing season length, however,
increases only by 15 days, the least of all the scenarios, because of relatively small increases in
minimum temperatures in early spring. Similarly, the average last spring freeze date is only about 5
days earlier. This scenario is the driest of all (more than 2 inch decrease in annual precipitation), with
90% of that drop occurring in June-August. Not surprisingly, this scenario has the lowest soil
moisture, falling by 8-12% through most of the year and by more than 15% in June. As would be
expected in a dry scenario, the frequency of longer (5-day) extreme precipitation events decreases
(~40%); however, 1-day extreme events occur about as often as historically.

"Wet in Bursts™ (#4, bcc-csm1-1.1.rcp85). This scenario is characterized by some of the highest
precipitation (+2”) and frequency of extreme precipitation events (~70% increase in 1-day events and
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~150% increase in 5-day events). Much of the increase in precipitation occurs during the early
growing season (April-June +17°). “Wet in Bursts” also refers to the increased interannual variability
of precipitation in the projected vs. historical period in this scenario. Warming is close to the middle
for model projections (+4 °F), with most of that warming occurring in early winter, especially in
minimum temperatures (+6 to 7 °F). Late winter-early spring minimum temperatures increase only
moderately, though (+2 to 2.5 °F), so late spring freezes remain common and the growing season
increases only by about 17 days. A bump in September-October precipitation is not enough to offset
warmer fall temperatures when it comes to soil moisture, but the big increase in spring precipitation
yields 5-10% higher soil moisture during much of the growing season.

“The Jungle*™ (#28, miroc_esm-chem.1.rcp85). As its name implies, this is the hottest and wettest
scenario of all, with annual average temperature increasing by almost 6 °F by mid-century, and
annual precipitation increasing by 2.5” (13%). As in many of the scenarios, much of the warming
occurs in the winter, but in contrast to the previous scenarios, The Jungle’s cool-season warming
extends into spring as well. Consequently, growing season lengthens by almost 35 days, and in this
scenario, that is accompanied by the last spring freeze occurring 15 days earlier on average than
historically. The big increase in precipitation comes from a 3” boost over April- May, but June-July
precipitation drops by an inch. Extreme precipitation events increase by about the same amount as in
the “Wet in Bursts” scenario, and there are some big swings in annual precipitation from year to year.
Because of the concentrated early spring precipitation and the high temperatures, soil moisture drops
precipitously between May and June (Jun 1-Jul 1 in the soil moisture graphs), falling from almost
20% higher than historical levels in May (Jun 1 on soil moisture figure) to essentially the same as
historical levels by August 1.
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Figure 13. Climate drivers for the next 35 years (through 2050) for the southwest South Dakota climate
scenarios. Arrow size and direction denote trends compared with the past (1950-1999). Down arrows
denote decreasing trends, up arrows increasing trends and earlier dates, and sideways arrows indicate
no change from historical conditions. Arrow size denotes the magnitude of change. Arrow color denotes
warming (red), wetting (blue), drying (tan), and no change from the past (gray).
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Table 1. Climate drivers for the next 35 years (through 2050) for the southwest South Dakota scenarios.
Values are averages for the target future period (2020-2050) compared with the 1950-1999 historical

period.
Driver _ Awfully Dry* Wet in Bursts* The Jungle*
Annual temperature +5.7 °F +4.8 °F +4.4 °F +5.9 °F
W: +7.2 °F W: +3.9 °F W: +5.3 °F W: +6.7 °F
seasonaltemperare | 1T | 3 leoer St 150°F St 156 °F
Fa: +5.2 °F Fa: +4.2 °F Fa: +4.8 °F Fa: +4.7 °F
Growing season length +31 dayslyr +15 daysl/yr +18 days/yr +34 daysl/year

Last freeze date

3 days earlier

5 days earlier

3 days earlier

15 days earlier

Annual precipitation

-0.4" (-2%)

-2.1" (-13%)

+2.2" (+13%)

+2.5" (+15%)

Seasonal precipitation

W: +0.5" (+41%)

Sp: +0.7" (+13%)
Su: -1.3" (-20%)
Fa: -0.3" (-8%)

W: +0.2" (+21%)
Sp: +0.1" (+1%)
Su: -2.1" (-32%)
Fa: -0.3" (-10%)

W: +0.1" (+10%)
Sp: +1.2" (+21%)
Su: +0.1" (+2%)
Fa: +0.7" (+25%)

W: +0.3" (+31%)
Sp: +2.9" (+51%)
Su: -0.8" (-12%)
Fa: +0.03" (+1%)

mean)

April-June precipitation -0.1” (-2%) -1.0” (-13%) +1.27 (+15%) +2.6” (+33%)
Frequen_cy of_days with +88% 3% +68% +65%
>1” precipitation

Freg. of 5-day periods . 200 o o
with >2.5” precipitation 5% 39% +146% +116%
Spring (Mar, Apr, May) +3% 7% +8% +11%
soil moisture

Spring so_il mc_)isture (% of 45% 19% 5204 71%
years > historical mean)

Summer soil moisture 0 140 o o
(Jun, Jul, Aug) 7% 13% +6% +4%
Summer soil moisture (%

of years > historical 23% 10% 45% 45%

* W = winter (December, January, February); Sp = spring (March-May); Su = summer (June-August); Fa = fall

(September-November)

17



100

Tmax, 1950-1999
———Tmax, PRISM 1997-2013
Tmin, 1950-1999

———Tmin, PRISM 1997-2013

80

60 +

40 H

Historical Temperature (°F)

20

0 1 1 T T T T 1 1 1 1 1 1 1 T T
Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Month

Figure 14. Historical and recent monthly temperature profile. Tmax: average maximum temperature;
Tmin: average minimum temperature (daily values averaged across each month); solid lines: 1950-1999
(from Maurer et al. 2002); dashed lines: 1997-2013 (from PRISM Climate Group, prism.oregonstate.edu).
Although the two datasets of historical temperatures (i.e., for the same dates) are quite similar, the more
recent data from the PRISM dataset indicate seasonal patterns in recent warming trends. The horizontal
axis in this and following graphics shows 15 months (October to December) to represent both the water
year and calendar year, and to better visualize the full cold-season.
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Figure 15. Scenario (2020-2050) monthly maximum (left) and minimum (right) temperatures (2020-2050)
as departures from 1950-1999 average.

18



Annual Average Temperature

mmm Rather Hot
== Awfully Dry
—— Wet in Bursts
E=3 The Jungle

Difference (°F) from Historical Mean

s 1998
s 2006
s 2008
. 2012
e 2015
- I
. Last Spring Freeze Date 40 Growing Season Length
l c
< | g ..
O 10 + | =
= 8
g | 5§ 207
S 51 | a2
2 T 104
T £
£ 2
g 07 May9 = o+ 189 days
) 3
£ .
g *®
o g 207
I -10 =
5 ;g__'a -30 -
-15 e
! -40

Figure 16. Differences in annual average temperature (top), last spring freeze date (bottom left), and
growing season length (bottom right) between scenarios (2020-2050 average) and their historical (1950-
99) average (bars left of dashed line in each graph). Bars right of the dashed line in each graph show
differences between 5 single years and the historical (1956-99) average for the Interior, SD, weather
station (GHCND: USC00394184). These years were chosen for their recency and strong departures from
historical average annual (1998, 2006, 2012) or spring (2015) precipitation and frequency of extreme
precipitation events (2008). Last spring freeze date is the last day in a calendar year before July 1 that the
minimum temperature is < 32 °F (0 °C). Growing season length is defined as the number of days between
the first (spring) instance of 6 consecutive days where each has an average temperature > 41 °F (5 °C)
and the first (fall) instance of not having 6 consecutive days of average temperature > 41 °F (5 °C).
Historical mean values for last spring freeze date and growing season length are given to the right of
each O-difference line.
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Figure 17. Monthly precipitation profiles for scenarios. Top: Long-term average monthly precipitation in
scenarios (2020-2050) and two historical periods (1950-1999, 1997-2013). Bottom: Difference in long-
term average monthly precipitation between scenarios and 1950-1999 historical period.
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provides reference of observed variability during the historical period (1950-1999).
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Figure 19. Differences in precipitation metrics between scenarios (2020-2050 average) and their
historical (1950-99) average: annual precipitation (top left), April-June precipitation (top right), number of
events per year in which >1” of precipitation falls in a single day (bottom left), and number of events per
year in which >2.5” of precipitation falls in a five-day period (bottom right) (bars left of dashed line in each
graph). Bars to the right of the dashed line show differences between 5 single years that are memorable
in the recent record and the historical (1956-99) average for the Interior, SD, weather station (GHCND:
USC00394184). Numbers next to 0-difference line for precipitation events are the historical averages
from weather station data.
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Figure 20. Monthly soil moisture profiles for scenarios. Top: Historical (1950-1990, black line, from
Maurer et al. 2002) and scenario (2020-2050) long-term average monthly soil moisture. Bottom: Scenario
monthly soil moisture (2020-2050) as departures (% change) from the 1950-1999 average.
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Scenario Implications

Workshop participants separated into groups and each group examined the implications of a single
climate scenario on focal resources and potential socio-political developments (Table 2; see
Appendix 2 for more details). Examining potential socio-political developments fosters a broad
exploration of potential future conditions beyond the simple resource response to climate. The
descriptions below are from these small-group discussions in a workshop setting and should not be
taken as vetted research statements of responses to the climate scenarios, but rather as insights and
examinations of possible futures based on local expert science and management knowledge.
Common topics included changes in agricultural practices, flooding impacts, vegetation productivity,
invasive species, and maintenance needs. More intense storms, especially under REREHIEION, Wet in
Bursts, and The Jungle, were envisioned to lead to greater erosion and impacts to archeological
resources, paleontological resources, and infrastructure. Increased poaching and vandalism of
archeological and paleontological resources was highlighted in Wet in Bursts. Changes in vegetation
occurred in all scenarios and ranged from strong decreases in productivity and a shift towards
shortgrass prairie (in Awfully Dry) to increased productivity, tallgrass prairie expansion, exotic plant
invasion, and woody encroachment (in [The Jungle). These changes in vegetation would affect
grazers, including bison and prairie dogs, and the species dependent on them, such as black-footed
ferrets. Warmer and wetter conditions were thought likely more conducive to plant, animal, and
human diseases.

24



G¢

Table 2. Workgroup-envisioned developments and resource implications for climate scenarios.

Developments and
Resources

Socio-political

* More social pressure on
publicly managed lands

Awfully Dry

Wet in Bursts

The Jungle

¢ Increased conflicts among
landowners due to
expansion of prairie dog
towns and escaping bison

¢ Decreased recreation

¢ Increased agriculture,
decreased ranching

e Budgets strained due to
high maintenance costs

e Agriculture (including
corn) increases,
grassland decreases

e Land prices increase

e Shift in fire season and
lack of crews in fall

e More plant, animal, and
human diseases

Cultural Resources
(including archeological
sites)

* More archeological sites
exposed

Less erosion from water,
more from loss of
vegetation (bare ground)
and wind

Increased fire danger to
archeological sites

e Major erosion exposes
many sites

¢ Increased poaching and
vandalism

e Water damage to
historical structures

e More educational
opportunities, enhances
individual responsibility

e Lose archeological sites
to erosion and vegetation
growth

e Culturally significant
trees persist

Geological Resources
(including paleontological
sites)

o More fossils exposed due
to erosion and mass
wasting

Less erosion from water,
more from loss of
vegetation (bare ground)
and wind

e Major erosion exposes
many sites

¢ Increased poaching and
vandalism

e Geohazards exposed

e More educational
opportunities, enhances
individual responsibility

e Vegetation destroys
fossils

e Heavy rain events wash
away fossil sites

e Wet soils cause
disintegration (crumbling)
of fossils at/near ground
surface

e More ungulates leads to
fossil trampling & site
degradation
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Developments and
Resources

Natural Resources (including
grasslands and grazing)

o Less forage, less water,
fewer bison

e More prairie dog acreage
and associated species

Table 2 (continued). Workgroup-envisioned developments and resource implications for climate scenarios.

Awfully Dry

Wet in Bursts

The Jungle

e Drought-adapted species
persist

e Less forage, less water,
fewer bison

¢ Shortgrass species
expand

¢ Increase in wildlife
disease with concentration
around water sources

e More water for wildlife
(but inconsistent)

e Increased ticks,
mosquitoes, and
pathogens they carry

¢ Increased challenge to
match stocking rates to
annual productivity

Higher vegetation
productivity therefore
increased cattle, bison
Shift to tallgrass prairie
leads to the
disappearance of swift
fox

Greater woody
encroachment

Less prairie dog acreage
Weeds increase
(cheatgrass, sweetclover,
Canada thistle)
Later/longer fall fire
season

Facilities / Infrastructure /
Other

o More road damage from
flooding

e Less backcountry / more
frontcountry use

e Increased need for
bison roundup
facilities

e New erosion issues
due to wind and
more bare ground
rather than water

e Degradation of roadway
infrastructure

e Lack of museum facility
space for salvage
collections

Degradation of roadway
Challenge keeping up
with slumps, floods,
mowing

More visitors, especially in
shoulder seasons




Testing Goals and Actions

Climate change and other global change stressors not only challenge land managers’ abilities to
protect natural areas but also demand that we re-think conservation concepts, goals, and actions in a
continuously changing world (Hobbs et al. 2010, NPS AB 2012, Fisichelli et al. 2015). Climate
change adaptation is, in simple terms, adjustment to changing conditions. It is, more formally,
“adjustment in natural or human systems in anticipation of or response to a changing environment in
a way that effectively uses beneficial opportunities or reduces negative effects” (Executive Order No.
13653, 2013).

Adaptation frameworks can be useful to structure thinking, incorporate climate change into
decisions, and ensure that the full spectrum of adaptation options is considered. Adaptation strategies
can be described as a spectrum from resisting change, through accommodating change, to directing
change (Figure 21, Fisichelli et al. 2016; see also Millar et al. 2007, Stein et al. 2014). “Resist
change” strategies aim towards persistence by maintaining current or past conditions. A “direct
change” strategy actively manages a resource towards new, specific desired conditions. In an
“accommodate change” strategy, the target responds to climate change, and management intervention
supports its capacity to do so without seeking to drive the system towards a specific state. There is no
single adaptation option that is appropriate in all situations; rather, the appropriate strategy will vary
across resources, space, and time. For example, many persistence strategies are suitable in the near
term but are likely to become increasingly risky and costly as time goes on (Millar et al. 2007).
Management response to climate change therefore needs to be continuous and continually reassessed.

Resist Change =~ Accommodate Change  Direct Change
< >
Climate Change Adaptation Strategies

Figure 21. Climate change adaptation is about managing change and includes a spectrum of strategies
from resisting to directing change. Appropriate strategies will vary across resources, space, and time.
Figure adapted from Fisichelli et al. (2016).

Another adaptation framework is aligning goals and actions with climate change (Figure 22; adapted
from Stein et al. 2014). This framework includes three categories: business as usual, climate retrofit,
and climate rebuild. In “business as usual”, current goals and actions are deemed appropriate and
effective based on climate change vulnerability assessments including the climate conditions and
timeframe of the project. With “climate retrofit”, current goals are retained, but achieving them under
changing conditions will require revised actions. Finally, under “climate rebuild”, neither current
goals nor actions are tenable, and thus revisions to both are necessary for success. Inland fisheries
management provides a useful example. If maintaining a cold-water fishery (goal) through annual
stocking (action) is feasible given the range of projected changes in conditions, then this would be
considered “business as usual”. Under warming conditions, this goal may still be achievable (climate
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retrofit) but require revised actions of more frequent (biannual) stocking and stream shading.
Assuming an extremely climate-vulnerable fishery, the existing goal of a cold-water fishery may not
be achievable using any available adaptation actions. Under a “climate rebuild”, a revised goal may
be to establish a warm-water fishery with the action of managed relocation.

eCurrent goals *Revised goals*

sCurrent goals

Climate

Business Climate

as Usual [SNEN—. i3 eRevised RELNLEN oRevised

actions actions* actions*

Figure 22. Aligning goals and actions in climate change adaptation. Depending on impacts and
vulnerability to climate change, adaptation will vary from keeping current goals and actions to revising
both goals and actions. *Review and revise as needed. Figure adapted from Stein et al. (2014).

Scenarios provide a platform for strategic conversations. Most commonly, scenarios help teams
generate ideas about what they might do or change under a new set of conditions, as well as identify
indicators to monitor to detect changing conditions and adjust actions. In the context of climate
change adaptation, scenarios provide the setting for examining the efficacy of a range of plausible
management responses.

Thus, in the next phase of the workshop, teams examined five management topics — archeological
and paleontological resources, vegetation, bison, black-footed ferret, and infrastructure — and aligned
goals and actions (as in Figure 22) with the conditions of each scenario. The descriptions below
summarize the outcomes of these discussions (detailed notes are in Appendix 3), and Table 3
highlights which approach was deemed most appropriate in each scenario. The descriptions are from
these small-group discussions in a workshop setting and thus should not be taken as vetted research
statements of responses to the climate scenarios.
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Table 3. Workgroup assessment of the achievability of current goals versus needed revisions by 2050 for
five resources. The likely achievable adaptation responses shown in the table below include ‘Business as
Usual’ (current goals and actions), ‘Climate Retrofit’ (current goals and revised actions), and ‘Climate
Rebuild’ (revised goals and actions) (Figure 22). See text for details of each resource’s current and
revised goals and actions.

Resource Awfully Dry Wet in Bursts
Archeological and Paleontological EUEINEES 66
Usual
. . Business as Business as
Native Vegetation Usual/Retrofit Usual/Retrofit
Bison Retrofit Retrofit Retrofit Retrofit
Black-footed Ferret Bl al el Al Retrofit Retrofit
Usual Usual

Infrastructure, Roads, and Business as
Geohazards Usual

Archeological and Paleontological Resources

Current goals for archeological and paleontological resources are preservation and protection. For
this exercise, the workgroup focused on a specific location within Badlands National Park — Big
Buffalo Basin. There are multiple concurrent actions under this goal, including surveying, site
stabilization, salvage/data recovery, and law enforcement to mitigate theft and looting. This broad
goal was seen as achievable in the near-term and long-term under all scenarios; however, major
additional actions may be needed. Greater erosion due to heavier rain events in [RatlemiEIol, Wet in
Bursts, and The'Junglé make it very difficult to keep up with erosion rates and preserve and protect
newly exposed artifacts and sites. Additional needs include increased salvage collection, cooperative
agreements, and in-house staffing for additional field surveys, citizen science, and fund raising.
Visitor education and outreach will need to be increased to build awareness of fossil poaching. Wet
conditions would hamper field work. The timing of other park operations and the influence of the
academic calendar on seasonal employee availability may also constrain when and how much field
work gets done. Also, enhanced GIS modeling to identify potential sites would aid management.
Prioritizing archeological sites for stabilization and data recovery may be needed. Under these
challenging scenarios, however, it is not clear how best to prioritize due to uncertainties in the quality
and quantity of resources at unexcavated sites. Past experience has shown that it is easy to overlook
sites that may in the future produce significant finds. The increased exposure of sites may provide
some opportunity for greater education and interpretation. The workgroup deemed current actions
sufficient under the Awfully Dry scenario, but noted that these low-erosion conditions would present
fewer opportunities for fossil and archeological site discovery.

Native Vegetation

The native vegetation workgroup used an approximation of the existing Forest Service goal: 30-60%
of vegetation in the “historical climax plant community”, 10-20% in each of late-intermediate and
early-intermediate stages of succession, and 10% of vegetation in an early successional stage, as
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often occurs on prairie dog towns. Current actions on Forest Service and Park Service lands include
prescribed fire, invasive plant management (biological and chemical control), and grazing. Forest
Service uses cattle and has more flexibility in changing the grazing regime (stocking rate and timing
of grazing) on its lands. The current goal is achievable in the short-term (2030) under the drier
scenarios (REtREMRGl and Awfully Dry). Looking out to 2050, the goal is still achievable on Forest
Service lands in these scenarios, assuming management can be flexible and responsive. This
flexibility includes the ability to adjust grazing leases (including the grazing species), to provide
drinking water for grazers when and where needed, and to use prescribed fire more frequently as a
management tool. The goal is more difficult to achieve in the long term on Park Service lands if
current constraints on grazing and fire management remain and because the park has not assessed or
mapped the existing successional vegetation types and approximate cover. On Park Service lands,
more fire, greater control of grazing via fencing, flexible water sources, mineral lures, targeted
prescribed fire, and potentially even domestic grazers may be needed to achieve the current goal. In
Awifully Dry, both Services’ goals may need to focus more on protecting and restoring riparian and
wet areas.

Meeting the stated goal was even more challenging in the wetter scenarios (Wet in Bursts and The
Jungle) because of expected increases in vegetation productivity, woody encroachment, and invasive
plant abundance and diversity. Increasing the number of grazers to achieve the current grazing
intensity would be required on all lands; on National Forest System lands, this would require revising
current policy. Additionally, much greater invasive plant control will be needed.

Across all scenarios, historical conditions become much more challenging to achieve in the long
term. Changes to the definition of the historical climax plant community (and even the term used for
this late-successional community) may be necessary and would influence both the achievability of
the goal and the necessary tools. Targeted monitoring is necessary to understand the rate of
community changes. Wilderness designation on some Park Service lands is a further filter through
which goals and actions must be assessed. Goals requiring intensive management intervention may
not be achievable or suitable in these wilderness areas.

Bison

Bison are a major resource management emphasis in the region. For this exercise, current bison goals
include maintaining optimal herd health, promoting genetic diversity, protecting range through
stocking rates, and establishing herds on tribal lands for production and cultural use. Bison are able
to survive in and adapt to a broad range of conditions. Thus, the workgroup saw bison as likely to
persist across all scenarios and time periods. The limiting factor here is management and the ability
to have proactive and reactive management responses that match the dynamism of the system and
adaptability of bison.

In the reduced grassland productivity futures, especially Awfully Dry, bison herd size would need to
be reduced and more round ups, potentially using a mobile corral system, may be needed. Because of
decreased forage quality and availability, it may become more difficult to keep bison within desired
areas, and additional fencing (double fencing or electric fencing) will be required. Supplemental feed
and water sources, including tanks and storage ponds, may be needed to both meet bison needs and
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reduce pressure on existing natural water sources. However, supplemental feeding within Badlands
National Park would require policy change. Due to increased drought occurrence, greater education
about and livestock producer enrollment in USDA drought insurance programs may be needed.

Different management challenges and solutions exist in the wetter scenarios (Wet in Bursts and The
Jungle). Bison carrying capacity and calving rates will increase with increased vegetation
productivity; however, round ups in the park would become more challenging because of the ample
supply of natural water sources in wet years and difficulty of attracting bison to the existing corral
area with water (a current strategy). Wet, muddy terrain could also make it difficult to conduct
roundups. Warmer and wetter conditions increase health and disease concerns, and will require
enhanced monitoring and potentially development of new vaccines for emerging diseases. Across
scenarios, the workgroup thought that a participatory and inclusive regional bison plan is warranted,
and possible new actions include the development of best-practices or guidelines for bison genetics
and breeding, a bull exchange program, and revised culling strategies based on the most modern
genetic tools and scientific techniques, along with input from those who will receive bison.

Black-footed Ferret

Goals and actions for the black-footed ferret focus on prairie dogs, its primary prey. The current goal
identified for the workshop exercise is to expand present prairie dog colonies (acreage), and
associated actions are managing plague by dusting prairie dog holes with a flea-control insecticide,
and continued monitoring. The current goal is likely achievable in the short and long term in the
RAIREAIIGE and Awfully Dry scenarios. Dry conditions favor expansion of prairie dog towns because
shorter vegetation reduces perceived predation risk. Reduced forage for cattle may increase pressure
from permittees to manage and reduce the extent of prairie dog towns, and expanded partnerships
and strengthened relationships among stakeholders are needed. A healthy black-footed ferret
population in the region could bolster ecotourism.

The workgroup found the current goal to be unachievable across all time periods in the wetter
scenarios (Wet in Bursts and The Jungle) due to changes in vegetation (taller vegetation and woody
encroachment). Revised actions in these scenarios include more intensive grazing and an expanded
management area for black-footed ferrets. In the long term of [The Jungle, a revised goal may be
prairie dog acreage maintenance rather than expansion. Permittees are likely to support increased
grazing in these scenarios, but will be challenged by the annual fluctuations in stocking rates. Across
all scenarios, plague and future disease dynamics are major concerns. Black-footed ferrets can
disperse and travel to separate, isolated prairie dog populations during plague outbreaks, assuming
sufficient habitat connectivity and prairie dog town proximity.

Infrastructure, Roads, and Geohazards

For the infrastructure and roads workgroup, the current goal is to maintain safety and usability with
the current actions of routine maintenance and emergency response after major disturbance events.
With greater extreme precipitation events in three of the futures (RallemEIol, Wet in Bursts, and The
Jungle), the status quo will likely be challenged. Greater erosion would cause more frequent
maintenance requirements. This increasing need, along with budget pressure and inadequate staffing
levels, may lead to unachievable workloads. In the short term, additional culverts and greater
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investment in equipment may achieve the current goal, though there are likely to be increased
inconveniences, due to road closures, for residents and visitors alike. In the long term, difficult
tradeoffs and revised goals are likely required in these futures. Conversations about road access, fees,

weight limits, and controlled seasonal access will be needed.
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Operationalizing Scenario Planning Outcomes

Scenario planning offers multiple benefits, including revealing assumptions and providing insights
about a system. The scenarios also provide accessible storylines that lend themselves to outreach and
communication about the risks and challenges linked with management decisions in the face of very
different potential future climate and socio-economic conditions. Sharing such descriptions with
expanded stakeholder groups can be an important precursor, particularly for public agencies, to
implementing the changes some future trajectories might require. More intensive application can test
whether existing plans and ideas about adaptation options remain effective across a wide range of
plausible, potential futures. The final phase of the workshop focused on this more intensive
application by describing approaches and tools for participants to build the uncertainty represented
by the more fully developed scenarios into their management planning and implementation.

In conditions under which existing plans and options fall short, scenarios can be used to help revise
current options and develop new ones. The result is sets of options for each scenario, some of which
will be common to all futures while others will be unique to the particular conditions of a given
scenario or subset. This type of exercise can generate a portfolio of options, where the investment in
specific options is anticipated to shift over time as the future plays out. Creating a portfolio of
management options is likely the most useful way to work with the scenarios, because it matches
options with corresponding potential futures and establishes a framework for their application.

Figure 23 shows three stages in working with climate change adaptation options generated through
scenario planning exercises (H. Hartmann, personal communication). The stages may be used
individually or in sequence, based on planning needs. In the first stage, options are organized using
simple time-based decision trees that distinguish which options to pursue in the near-term from those
to implement later as conditions change. Decision points for shifting options and associated
indicators of significant changes in climate or other conditions are identified up front and included in
the decision tree.

A portfolio of management options based on divergent scenarios typically includes both familiar
management actions and new or challenging ideas. Thus, in the second stage, options are evaluated
and categorized as ‘no regrets’ or ‘hard’ choices; this can help prompt adaptation. ‘No regrets’
options (e.g., control invasive species) confer numerous benefits and implementation may be widely
supported. ‘Hard choice’ options may be more controversial and difficult to implement, and they
should be considered carefully. ‘Hard choices’ may also be complicated and take time to execute.
Breaking down ‘hard choice’ options may reveal some activities that need to be completed in
advance (e.g., permitting), as well as ‘no regrets’ components that can be more easily carried out (H.
Hartmann, personal communication). Thus, in the third stage, ‘hard choices’ are disaggregated into
steps; these are incorporated into the decision tree, thereby setting up a strong framework to
operationalize management options in response to the most challenging and uncertain futures.
Managing for changing conditions requires forward-looking goals and preparatory steps well in
advance of actions.
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Working with Scenarios & Adaptation Options

1. Organize options
« Simple decision tree
« Scenario decision points, indicators

2. Evaluate options
» ‘No regrets’ options
« ‘Hard’ choices

e e B

Figure 23. Disaggregating a portfolio of options into a temporal decision tree with key decision points and
indicators helps operationalize adaptation. Figure from H. Hartmann and USFWS National Conservation
Training Center.

At the end of the workshop, workgroups explored operationalizing potential options through
disaggregating steps and identifying triggers (Appendix 4). Each resource group chose a potential
action (one that is different from current practice), identified triggers for monitoring that would
indicate when the action is applicable, and created a timeline of steps needed to implement the
action. For example, the potentially controversial action of restricting sensitive paleontological
resource site access to only land management staff and permitted individuals might begin with
setting the stage in broad strategic planning documents and then developing potential actions through
the NEPA process. Outreach to the public and consultation with tribal partners would be needed to
build support for restrictive management actions. The resource group identified triggers linked to the
decision point that included significant rain events and erosion, budget cuts, staff attrition, and
inability of fossil documentation work to keep pace with accelerated erosion. Fund raising for
increased surveys and salvage collection would also need to be completed.

Additional work is needed to embed the scenario planning outcomes into planning and decisions
about the on-the-ground implementation of the climate change adaptation options. This is the role of
the participants after the workshop described in this report. This project’s science team will further
support this work with a quantitative simulation model of vegetation dynamics (including the
influence of fire, grazing, invasive species, climate, and management actions on grassland
composition and production) in the study area. This model will be used to explore system responses
to the climate scenarios and management alternatives identified during and after the scenario

34



planning workshop. The science team will share the findings from this modeling exercise (e.g.,
revelations about data gaps, surprising system dynamics, and/or comparisons of management
outcomes) during a second workshop. Materials from the scenario planning workshop, including this
report, as well as materials from the second workshop, provide support for participants to incorporate
the insights from this project into adaptation planning. However, adaptation is an iterative process
(Stein et al. 2014), and the scenario planning process described here is just one contribution. Project
team members will assess the utility of the scenario planning process for resource management
decisions to improve outcomes in future iterations with collaborative teams of managers, planners,
scientists, and adaptation specialists.
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Appendix 1. Climate scenario creation methods.

The scenario creation process used climate output from the World Climate Research Programme's
(WCRP's) Coupled Model Intercomparison Project phase 5 (CMIP5) multi-model dataset, which was
used for the IPCC Fifth Assessment (IPCC 2013). That climate output is the basis for two statistically
downscaled products that we used, originally developed for the U.S. Bureau of Reclamation. The
Bias-Correction Constructed Analogue (BCCA) statistically downscaled product for CMIP5
projections was done at a daily time step, whereas the bias-corrected and spatially disaggregated
(BCSD) dataset was done in monthly time steps; both were spatially downscaled to a s degree
(~12km or 7.5 miles) grid. We downloaded both products using the “Projections: Subset Request”
tool at http://gdo-
dcp.uclinl.org/downscaled_cmip_projections/dcpinterface.html#Projections:%20Subset%20Request.
For BCCA we downloaded precipitation and maximum and minimum temperature data for a grid cell
centered at 43.8125° latitude and -102.3125° longitude (in the bison range of Badlands National
Park), for two greenhouse gas emissions pathways (the moderate Representative Concentration
Pathway [RCP] 4.5 and the high RCP 8.5).

Hydrological variables at a monthly time step are available as the product of running BCSD climate
through the Variable Infiltration Capacity (VIC) hydrology model (Reclamation 2013; http://gdo-
dcp.uclinl.org/downscaled_cmip_projections/). We downloaded soil moisture data from this
hydrology dataset for the same grid cell, with the understanding that BCCA and BCSD are very
slightly different; however, the hydrology data are only available for the BCSD product. The two
products (BCCA climate and BCSD hydrology) both downscaled the same run for each of 18 climate
models and two emissions pathways, for a total of 36 projections.

For each of these projections, we calculated a variety of climate and soil moisture metrics dictated by
the scenario planning workshop’s focal resource issues, then used these to select climate scenarios.
These metrics included spring (April-June) precipitation, onset and length of growing season, and
frequency of heavy rain events. We then calculated the difference in these metrics between the 1950-
1999 historical period (Maurer et al. 2002) and a 2020-2050 planning period. We considered absolute
changes and percent change compared to the historical period for annual and monthly maximum and
minimum temperature, precipitation, and soil moisture; annual number of events per year in which
>1” of precipitation falls in a single day; annual number of events per year in which >2.5” of
precipitation falls in a five-day period; and annual last spring freeze (minimum temperature < 32 °F)
date. We also considered time series of annual spring precipitation.

We visually inspected graphics of the metrics (some of which are presented in the main text), chose
four projections that “push the envelope” by posing relevant challenges for management, and gave
them descriptive, memorable names for ease of use during the workshop. The names and projections
were FREAGHEION [#2, access1-0.1.rcp85 (Australian Community Climate and Earth System
Simulator)]; “Awfully Dry” [#13, csiro-mk3-6-0.1-rcp45 (Commonwealth Scientific and Industrial
Research Organisation Mark 3.0)], “Wet in Bursts” [#4, bcc-csm1-1.1.rcp85 (Beijing Climate
Center)], and “[The Jungle” [#28, miroc_esm-chem.1.rcp85 (Model for Interdisciplinary Research
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On Climate)]. Using a specific projection for a climate scenario ensures that climate scenarios are
internally consistent (physically coherent) and provides specific climate input for the quantitative
modeling component of this project. However, choosing a small number of scenarios requires
balancing a set of tradeoffs. We could have selected scenarios with a greater divergence in the range
of annual precipitation vs. temperature (Figure 11 upper panel), but previous experience in scenario
workshops has shown that “moderate” scenarios (i.e., relatively little change in mean annual
temperature and total precipitation) do not stimulate workshop participants’ discussion and are often
side-lined. In addition, changes in mean annual temperature and total precipitation often do not
represent changes in variables (e.g., soil moisture) that are most relevant to the local resource
concerns. Therefore, climate scenarios were chosen to capture divergence in the management-
relevant climate variables determined during the orientation phase of the project and informed by
scientific literature on the focal resources (Figure 11 middle and lower panels). For this reason, these
scenarios do not represent the full range of projected changes in mean annual temperature — they
exclude the lower range of temperature changes, although they do capture much of the range in
annual precipitation.

Pierce et al. (2009) discussed the number of global climate model (GCM) projections required to
derive estimates of regional climate change, and found that 14 projections from five GCMs were
sufficient to represent a full set of the 21 CMIP3 model results. So, in this project, the 18 GCMS are
more than enough to represent the full spread of the models. The four GCMs we selected are a subset
intentionally chosen to represent the spread, or divergence, of management-relevant variables within
this larger spread.
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Appendix 2. Workgroup Scenario Storyline and Impacts
Worksheets

Scenario workgroups assessed conditions within each scenario, additional features, and implications for
resources. This appendix is provided so that participants of the workshop can review their workgroup
exercises and to provide ideas for others wishing to use scenario planning.

SD Scenario: 2016-2050 RetherHol

In your scenario: Increased growing season

Climate Features:

e Increased temperature (winter, July max)

e  More rain instead of snow in winter

e Increased 1" rain events

e  Spring / early summer soil moisture near historical levels
e Longer growing season

e Dry lightning

What other developments might occur? (e.g., sociopolitical, economic)

e  More social pressure on publicly managed lands

What happens to:

Cultural Resources (including archeological sites) Geological Resources (including paleontological)

e More flooding e More erosion
e More archeological sites exposed e  More fossils exposed
e More mass wasting

Natural Resources (including grassland & grazing) | Facilities / Infrastructure / Other

e Lower forage / less bison e Higher energy costs
e Less water availability e More flooding impacts
e Increase in prairie dog acreage (if plague e Road failure
mitigated) e Visitation changes
e Increase in black-footed ferrets, foxes, e Less backcountry/ more front country

burrowing owls
e Increase/ decrease in reptiles/amphibians
e Change in species, migration patterns

e *plague might benefit from changes in
climate?

e  Pressure on facilities
e  More vehicles
e More interpretation needs
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SD Scenario: 2016-2050 Awfully Dry

Alternative name suggested during workshop: “Normal is just a setting on the dryer’

In your scenario:

’

Climate Features:

Increased summer temperatures (+6 degrees Fahrenheit)

Decreased precipitation and soil moisture
Increased growing season (2 weeks)
Earlier last spring freeze

Decreased intense rain events

Cyclical drought and severity

What other developments might occur? (e.g., sociopolitical, economic)

Expansion of prairie dogs therefore increased tension / conflict

Bison escapes? / trespassing

Decreased staff available due to increased wildfire across west

What happens to:

Cultural Resources (including archeological sites)

Geological Resources (including paleontological)

Increased need to identify and protect newly
discovered resources

Increased looting due to exposure

Increased fire would be a danger to ethno.
resources (e.g. burial scaffolds, railroad
pieces, homesteads)

Exposure of archeological sites (due to more
bare ground and wind erosion)

Increased soil instability due to decreased
vegetation

Exposure of new sites (due to more bare
ground and wind erosion)

Desiccation makes soil more prone to
washing away

Natural Resources (including grassland & grazing)

Facilities / Infrastructure / Other

Drought adapted species able to persist
Decreased grass and water, grazing capacity
Increased exotics & forbs & woody sp. (e.g.
Russian thistle)

Change in plant community, short grass
replaces mid grass, increase in rhizomatous
grasses?

Increase in prairie dog population

Change in bison movement patterns

Increased wildfire (good & bad?) — late
season rain could lead to 2" green up

Decreased efficiency of Canada thistle
Biocontrol agents

Increase in wildlife disease with
concentration around water sources

Increased soil instability due to decreased
vegetation

Increased need for roundups + facilities, but
easier to round them up (just add water)
Roundup overlap w/ rut?

Increased need for fire and noxious weed
management

Increased need for pest management (pine
beetle)

Increased wildlife disease with concentration
around water sources
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SD Scenario: 2016-2050 Wet in Bursts (First of two workgroups)

In your scenario:

Climate Features:

e Very wet, wet extremes
e  “Swings” in rainfall, heavy rain events, moderately longer growing season.
e Moderate increase in temperature, yet this is still much warmer than historical period

What other developments might occur? (e.g., sociopolitical, economic)

¢ No change in research funding (arch., paleo.), decreased visitation/camping
e Budget issues (more spent per year on maintenance)

What happens to:
Cultural Resources (including archeological sites) | Geological Resources (including paleontological)

e Weathering / revealing more sites e Weathering / revealing more sites

e Flooding of sites ¢ Flooding of sites

e Poaching / vandalism e Poaching / vandalism

e Damage to historical structures (e.g. b/c of e Geohazards exposed
deferred maintenance) e Increased slope failure

o Damage to historical juniper trees e Increase in exposure of fossil sites

e  More educational opportunities, enhances e  More educational opportunities, enhances
individual responsibility individual responsibility

Natural Resources (including grassland & grazing) | Facilities / Infrastructure / Other

e  Green until mid-August e Erosion of roads

e  More water for wildlife (yet inconsistent) e Degradation of roadway infrastructure

e Lower protein (veg. inconsistent) e Road closures

¢ Increased amphibians, reptiles, waterfowl e Increase in flood-related rescues
habitat ¢ Increase in “piping” erosion

e Increased ticks, mosquitoes, and pathogens e Maintenance budget, staff time (e.g. cleaning
they carry silt)

e Increased exotic plant species, harder to e  More educational / opportunities /
manage interpretation

o Decreased water quality “too thick to drink
too thin to farm”

e  More difficult to do round ups (bison)
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SD Scenario: 2016-2050 Wet In Bursts (Second of two work groups)
Alternative name suggested during workshop: “Bipolar Hydrology / Splash N’ Burn”

In your scenario:

Climate Features:

e Increased extreme weather events

e Increased flooding and drought

e Increased temperature

e Increased frost-free days

e Increased annual precipitation

e Increased soil moisture (especially May 1* through August 1%)

What other developments might occur? (e.g., sociopolitical, economic)

e Increased conversion — cropland (private)

e Decreased ranching

e  Fire funding pressures

e Increased pressure to privatize public lands

What happens to:
Cultural Resources (including archeological sites) Geological Resources (including paleontological)
e Increased exposure and possible destruction e Increased pressure by collectors of agates
of sites due to increased exposure
e Increased pressure on cultural resources e Increased exposure and possible destruction
(cultural landscapes) of fossil sites

¢ Increased poaching of fossils
e Increased mass wasting of geological

features
Natural Resources (including grassland & grazing) | Facilities / Infrastructure / Other
¢ Increased off road travel and impacts to e Increased pressure on recreational facilities
resources (such as those in gate-rich areas)
¢ Increased risk / challenge stocking rates e Increased pressure on water infrastructure
¢ Increased invasion of exotic noxious weeds e Increased road failure
e Decreased diversity of grassland ecosystems e Lack museum storage for salvage collections

e Increased variability in mammal populations
¢ Increased pathogens for plants and wildlife
e Increased fire

e Increased trees
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SD Scenario: 2016-2050 The Jungle: (First of two work groups)

In your scenario:

Climate Features:

e Temperature increase greatest in winter

e  Precipitation April — May increases while July — August decreases
e 4times increase in 5 day precipitation — increase in 1 day

e Very dynamic soil moisture

e Increased wet snow, blizzards
e  Windier

e  Fewer late spring freezes

What other developments might occur? (e.g., sociopolitical, economic)

e  Fire crews not available in fall when fires are active due to seasonal nature of their employment

What happens to:

Cultural Resources (including archeological sites)

Geological Resources (including paleontological)

e Lose archeological sites to erosion and
vegetation growth

e Increased slope failure
e Vegetation destroys fossils

e Increased slope failure
e Vegetation destroys fossils

Natural Resources (including grassland & grazing)

Facilities / Infrastructure / Other

e Vegetation destroys fossils

e  Fruit production increases — if limbs do not
break

e Vegetation increases therefore increased
cattle, bison? (© spring, ® summer)

e Weeds increase

e Disease and parasites increase

e Later/longer fall fire season

e Increased slope failure

e Vegetation destroys fossils

e Challenge keeping up with slumps, floods,
mowing

e  More visitors — but they are bug bitten
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SD Scenario: 2016-2050 The Jungle: (Second of two work groups)
In your scenario:

Climate Features:

e Hottest and wettest scenario

e Increase 6 degrees Fahrenheit

e Longest growing season (35 days -15 days earlier start, 20 days later end)
e Increase 2.5 inches of precipitation (April- May)

e June - July precipitation drops

e Increased extreme thunderstorms

What other developments might occur? (e.g., sociopolitical, economic)

e Cornincreases

e Grassland decreases

e Land prices increase

e Increased fee revenue

e Increased expenses such as energy

e Less conflict with neighbors — more well off

What happens to:
Cultural Resources (including archeological sites) | Geological Resources (including paleontological)
e  More erosion of archeological and cultural e More erosion and exposure of paleontological
sites resources
e Visitor center and lodge trees improve e Geohazards increase — landslides
¢ Increased flooding of buildings and e Increased poaching of fossils
campground e New fossil discoveries
e Increased fire damage —wildfire e Greater stream flows
Natural Resources (including grasslands and Facilities / Infrastructure / Other
grazing)
e Cheatgrass nightmare weeds! e Greater / extensive road repair
¢ Yellow sweetclover and Canada Thistle e Shoulder season — grater visitation
e  Shift to tallgrass prairie e Some visitation increase in peak periods
¢ Woody encroachment e Increased fence repair
e  Greater net productivity
e Conditions favor grazers except prairie dogs
e New bird species arrive
o Less winter kill of wildlife
¢ Increased wildfire fuel and intense fires in fall
/ late summer

45



174

Appendix 3. Testing Goals and Actions Worksheets

Workgroups examined current goals and actions for a variety of resources and then assessed whether possible goal and action revisions will
be needed under the conditions of each scenario. This exercise does not mean the revisions or actions are actually being considered but
rather the exercise was used to help managers think about the need for potential changes in goals and actions in the future.

Table A3-1. Issue/Resource: Paleontology/Archeology

Scenario

Current goals: Current
actions

Achievable in short-
term? Long-term?

Current goals: Revised
actions

Revised goals: Revised
actions

Insights, Tradeoffs?

Goal: Preservation
and protection of Big
Buffalo Basin (for
example purposes

only)

Actions:

e Survey

o Stabilization —
paleo- small scale
and short term

¢ Salvage / data
recovery

¢ Law enforcement
to mitigate theft /
looting

o Interpretation
education

Short term — yes
Long term — yes

Revised actions:

e Increase salvage
collection

e Cooperative
agreement for
specimen storage

e Cooperative
agreement for field
survey

e Citizen science

¢ GIS modeling

¢ Increase surveys

¢ Fund raising / crowd
sourcing- particularly
private sector match

¢ Archeological site
condition
assessment

e Increased exposure
(more rapidly)

e May need more
funding to mitigate

e Tribal consultation a
necessity across all
scenarios

¢ Goals do not change
but actions do

Same as above

Short term — yes
Long term — yes

e Most stable: present
actions will suffice

e Fewer opportunities
for fossil / site
discovery

e Less opportunity for
theft or looting

e Goals do not change
but actions do
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Table A3-1 (continued). Issue/Resource: Paleontology/Archeology

Current goals: Current
actions

Scenario

Achievable in short-
term? Long-term?

Current goals: Revised
actions

Revised goals: Revised
actions

Insights, Tradeoffs?

Same as above

Short term — yes
Long term — yes

¢ Increased intensity of
management
response (most
increase in intensity)

e Work between rain
periods

e Increased exposure
leading to need for
more emergency
funding and crowd
sourcing

¢ Prioritize site
stabilization and data
recovery
(archeological sites)

e Target fossil-rich
units

¢ Restricted access

¢ Impact of academic
year on staffing and
constrained field
season

¢ Goals do not change
but actions do

Same as above

Short term — yes
Long term — yes

¢ Increased intensity of
management
response

e Focus field work late
summer when drier
conditions persist

e Prioritize site
stabilization and data
recovery (arch)

e Target fossil-rich

e More rapid exposure
increased emergency
funding and crowd
sourcing

o |f seasonality impacts
field work, must
consider timing of
other park operations

¢ Impact of academic
year on staffing and
constrained field
season

¢ Goals do not change
but actions do




Table A3-2. Issue/Resource: Native Vegetation

Current goals:
Current actions

Scenario

Achievable in short-
term? Long-term?

Current goals: Revised
actions

Revised goals: Revised
actions

Insights, Tradeoffs?

Current Goals:

¢ 30-60% HCPC
(historic climax
plant community),

1%

2050 — no (w/ current
fire infrastructure)

native species
e Targeted monitoring
o Additional research

10-20% Late NPS
- 0, .
:Enzfl?lrmlﬁ'?e;r?nOego/0 * More fire e Forb —eating
10‘VyEarI do ’ FS: 2030-yes ¢ More control of herbivores (sheep?
towg ydog 2050- yes if grazing Pronghorn?)
management flexible |e Fencing ¢ FS; more bison keep ¢ \?vi(l)ggge\:;ss.
i Flexible water away from water ]
Current Actions: *
. IIJ:S_ - r:azin _ | NPS: 2030 - yes sources e Plant approved y Igggd:f;?:rﬁ regional
timing gtockingg 2050 — no (w/ current | e Using Rx fire native species P
rate intensity thru | fire infrastructure) « Prairie dogs « Targeted monitoring
leases e Mineral lures ¢ Additional research
¢ NPS: fire, culling o Cattle
bison
¢ Both: Biological &
chemical control,
roadside seeding
e revised goal: target
. riparian / wet areas
55502 030'}(}?8 for protection and
mane;g):eerielznt flexible | * MO€ fire restoration * Coniral vs.
Same as above e assume flexibility now | ® NRCS changes wilderness
_ _ being planned (Rx HCPC e Landscape/regional
NPS: 2030 — yes Grazing) ¢ Plant approved cooperation
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Table A3-2 (continued). Issue/Resource: Native Vegetation

Current goals:
Current actions

Scenario

Achievable in short-
term? Long-term?

Current goals: Revised
actions

Revised goals: Revised
actions

Insights, Tradeoffs?

FS: 2030-no. Cap on

NPS: 2030 — no
2050 — no

quick action

herd size limits weed FS: . e Adopt new bio « Control
control with grazing; | ® increase grazingand | control tools for Wicl)gerr?levsss;
mud complicates cap o quick action _
Same as above operations ¢ educate decision « Plant approved . Landscape/reglonal
2050- no _makers on f native species cooperation .
:/Te%%r;a(rr]gii\?e NoN- 14 Targeted monitoring | *® Eesrebif\?(;?e-:ggtmg
NPS: 2030 — no species) e Additional research '
2050 — no
FS: 2030-no. Cap on
mud compli e increase grazing and achieving goais an wilderness
plicates determine specific .
Same as above operations cap goals « Landscape/regional
i . cooperation
2050- no o Mori hgllt;copter spray | Adopt new bio - pf bl ;
e Seek wilderness area | 1ol tools for * Use forb-eating
expansion herbivores?
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Table A3-3. Issue/Resource: Bison

Scenario

Current goals:
Current actions

Achievable in short-
term? Long-term?

Current goals: Revised
actions:

Revised goals:
Revised actions

Insights, Tradeoffs?

e Individual
producers enrolled
in USDA programs

e Maintain optimal
health and
genetically diverse
bison population-
approximately
1000 animals
existing —
approximately 17
genetic groups

e BADL- help tribes
establish their own
herds for
production &
cultural use

¢ Coordination;
contingency plans
for years when
weather affects
round ups

e Bison EA -
conservative
stocking rates
(protect range)

e Round ups
opportunity —
produce bison

¢ Nutrition on tribal
lands

e L ess grass

e Lower carrying
capacity

e Surplus bison as
numbers are reduced

e More round ups

e Need a mobile corral
system

e Number of animals
and unit goals
fluctuate

¢ All scenarios:
region-wide (not just
BADL) bison EA
that is participatory
and inclusive

e Across scenarios:

— Managers need to be
adaptive and
accommodating as
bison already are.

— GPS & drone
monitoring

— Bull exchange
program

— Culling based on
most recent science
& needs of recipients

o Potential NPS policy
changes as needed:

— water and feed
supplementation

—drone use in
wilderness
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Table A3-3 (continued). Issue/Resource: Bison

Current goals:
Current actions

Scenario

Achievable in short-
term? Long-term?

Current goals: Revised
actions:

Revised goals:
Revised actions

Insights, Tradeoffs?

Same as above

¢ Increased fence
maintenance

o Mobile corralling
system

¢ Double fencing

o Electric hot fence
(conditioning)

e Supplement water

Develop new water

systems - tanks —

storage — ponds —

natural integration of

these

“supplementation” (not

allowed in NPS —

would need policy

change to allow)-

Water, Food Medicine

e Increased USDA
drought program
participatory
enroliment (more
education)

e Number of animals
and unit goals
fluctuate

e Across scenarios:

— Managers need to be
adaptive and
accommodating as
bison already are.

— GPS & drone
monitoring

— Bull exchange
program

— Culling based on
most recent science
& needs of recipients

o Potential NPS policy
changes as needed:

— water and feed
supplementation

—drone use in
wilderness
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Table A3-3 (continued). Issue/Resource: Bison

Scenario

Current goals:
Current actions

Achievable in short-
term? Long-term?

Current goals: Revised
actions:

Revised goals:
Revised actions

Insights, Tradeoffs?

Same as above

e Health and disease
concerns and
mosquitoes

¢ Bison may not need to
come to water, may
need alternative
round-up strategies

e Distribute more bison
to tribes

e Mechanism to transfer;
tribes ready

e Number of animals
and unit goals
fluctuate

e Across scenarios:

— Managers need to be
adaptive and
accommodating as
bison already are.

— GPS & drone
monitoring

— Bull exchange
program

— Culling based on
most recent science
& needs of recipients

o Potential NPS policy
changes as needed:

—drone use in
wilderness

Same as above

¢ Health and disease
concerns and
mosquitoes

e Bison may not be
drawn to water, may
need alternative
round-up strategies

¢ Higher calving rates
and carrying capacity

e Distribute more bison
to tribes

e Mechanism to transfer;
tribes ready

e Pest and disease
monitoring

e Drone observation

e Develop vaccines for
new diseases

e Number of animals
and unit goals
fluctuate

e AcCross scenarios:

—Managers need to be
adaptive and
accommodating as
bison already are.

—GPS & drone
monitoring

—Bull exchange
program

—Culling based on most
recent science &
needs of recipients

o Potential NPS policy
changes as needed
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Table A3-4. Issue/Resource: Black-footed ferret (BFF) habitat

Scenario

Current goals:
Current actions

Achievable in short-
term? Long-term?

Current goals: Revised
actions

Revised goals: Revised
actions

Insights, Tradeoffs?

Goal: Expand
current prairie dog
colonies (acreage)
for BFF

Short term — yes
Long term — yes

e How would plague
dynamics change? —
maintain
geographically
separate populations
of prairie dogs —
ferrets can travel /

Actions: « dry conditions favor | continue -> Continue -> disperse if plague
¢ Continue dusting expansion of prairie occurs
¢ Continue do_g (PD) and _ e Increased pressure
monitoring and suitable vegetation from permittees
mapping number conditions e Expand pa_rtnerships
of active burrows (& restoration) to
explain PD / BFF /
livestock relationships
¢ Ecotourism potential
e Good scenario for
Short term — yes expansion
Lon rm— . .
Same as above ong term — yes Continue -> Continue -> e Increased pressure

PD expansion

from permittees b/c of
reduced forage

¢ Expand partnerships

Same as above

Short term — No
(expansion/
contraction)
Long term — No

¢ Revised grazing
management
(adaptive
management)

¢ Site specific NEPA to
increase grazing on
temporary basis in
wet years

e Expand management
area for BFF

¢ Revised grazing
management
(adaptive
management)

¢ Site specific NEPA
to increase grazing
on temporary basis
in wet years

e Expand
management area
for BFF

e Permittees like
increased grazing but
increased frustration
due to changing
stocking rates
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Table A3-4 (continued). Issue/Resource: Black-footed ferret (BFF) habitat

Current goals:
Current actions

Scenario

Achievable in short-
term? Long-term?

Current goals: Revised
actions

Revised goals: Revised
actions

Insights, Tradeoffs?

Same as above

Short term — No!
Long term — No!

e Increase grazing

e Expand management
area for BFF

¢ Revised Goal —
maintain prairie dog
acreage

¢ Revised Action —
increase grazing-
keep doing what we
are doing

¢ Political environment

e Permittees like extra
grazing

e Pay permittees to
graze
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Table A3-5. Issue/Resource: Infrastructure, roads, and geohazards

Current goals:
Current actions

Achievable in short-
term? Long-term?

Current goals: Revised
actions

Revised goals: Revised
actions

Insights, Tradeoffs?

Goal: Maintain
safety and usability

Action:
Fixing as needed —
status quo

Short term — yes
Long term — no

o Add culverts

o Prioritize actions

¢ Invest in equipment
versus contracting

e Sustainable
transportation
options

e More frequent
maintenance

e Budget pressure

¢ Staffing levels and
workloads

o Management
priorities

e Review weight limits
(all)

e Controlled
transportation
access

e Increased fees = toll
road

e Controlled seasonal
access

e Short- and long-term
visitor
inconveniences

e Alternative
commercial farm to
market roads

Same as above

Short term — yes
Long term — yes

o Staffing levels and
roadwork

e See also tradeoffs
under rather hot
scenario

¢ Management
interaction and
priorities
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Table A3-5 (continued). Issue/Resource: Infrastructure, roads, and geohazards

Current goals:
Current actions

Scenario

Achievable in short-
term? Long-term?

Current goals: Revised
actions

Revised goals: Revised
actions

Insights, Tradeoffs?

Same as above

Short term — yes
Long term — no

e Add culverts

e Prioritize actions

e Invest in equipment
versus contracting

e Sustainable
transportation
options

¢ Re-align roads

e Re-engineer roads

e Inventory
infrastructure

e Update current
drainage systems

e Management
interaction and
priorities

¢ Management
interaction and
priorities

e See ‘Rather Hot’
Insights, Tradeoffs

Same as above

Short term — yes
Long term — no

e Add culverts

o Prioritize actions

e Invest in equipment
versus contracting

e Sustainable
transportation
options

e Sustainable
transportation
options

e Re-align roads

e Re-engineer roads

¢ Inventory
infrastructure

e Update current
drainage systems

o Management
interaction and
priorities

o See ‘Rather Hot’
Insights, Tradeoffs
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Appendix 4. Action Timelines

Workgroups examined potential future actions, the triggers for these actions, and intermediate steps required to achieve the potential actions

in the long term. This exercise does not mean the actions are actually being considered but rather the exercise was used to help managers
rehearse for potential difficult decisions in the future.

_———

r . |
| Restrict |
SD Scenarios: Action timelines: Paleo. / Arch. Resources | ste |
|  pccess |
|
Present Near-term Long-term
ey |
I| I| Potential actions:
| _ . . | 1. Boardwalk
| * = i Public Scoping 3. Newspaper | ]
| significantrain | Outreach n e PatF;o:] g Restricteq |
Foundation || events leading || Consultation 5. Supt. 1 f E!Cce_sﬁ = |'I
Doc. for | to increased | — Compendium T .'I SErlpsiIIve f
BADL | exposure of | ( ___II 6. Visual increased ' Sites I,'I
- fossils | ' : starms
I r
| « staffunableto | | Preferred | b?r.”ers budget cut
[ keep up with [ [ Ntemative II 7. Visitor r
[ . [ | I e tion fewer staff
entation | | ~. _
' oL 'I | | & Permanent S~~~ |I
| -
| i structure |I Target |I
B | fossilrich |
|| Unit‘:‘ |

II_._._-_._._-_.___J
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Present

SD Scenarios: Action timelines: Vegetation

Near-term

Increase management action
* Fire(FS)
* Grazing (NPS)

Long-term
—

Analysis of
current
conditions

Start EIS for
vegetation
plan

Increase cap
on cattle #

Temporary
fence / rotation
grazing

Add Water

| Trigger: l
| Signs c-f |
| overgrazing |

D
Rx fire to SPar from
PCS Oals

move bison

Increase
fire size

Increase fire

frequency

Enhanced
grazing
mgmt.
(NPS)

Enhanced
fire use (F5)
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Present

SD Scenarios: Action timelines: Bison

|

Near-term Long-term
_______-———-—“',I Triggers:
o | * Decreased water
1 | | Triggers: li
onitor White | | 7o . quality
h‘ﬂ r flow trends | Bison coming * Increased runoff
o acles II up to water * Arsenic 2 Real D o
- inn . | e '__J'igt/—-—/'—ri
4 station | early (April) and * Increased fecal Real
weather \ for | « Supplement water
initation & or longer contaminants and =
precip! . L b . : « Develop new wale
temp rrends [arg'-;r(;‘;r ers N dissolved solids B
nds e.g. . —_——
To dEtECz;LZrius * Water quality  Trigger: || - Tanks
s 5 i i I e = -
aCros decrease due to ::::;Frfedtrawl Triggers —— ¢ - E;torzse
: er dista ' p.site2 | + Pon
evaporation . 1.
p Five year trends: | LD lnathal adaption of these)
Develop: — water | = Decreaseq | —
collection (e.g. Trigger: 54 - / Upu"s-——-_____ _
e . Urye -
rain water runoff * Increase [ ﬂoir reek Tribal College .'II dE"San- Othys and III
built into swales | —— bison (50%) | . Decreased participation — ' Er prep
[ . -] - !
or from springs) Assfasfslng congregating Il precipitati studies & L
- Monitor water | @XIstng around dam P _Dn | surveys
and bison use dams — * Earlier _
— repair . W, River
f — season (April) Limo
l Partnersh ] b I Jum:;-
rshi J—
* Strengthe Corps) ipeli “policy Changes |
ngthen them / pipeline policy g &
| create neyy = . Basedon tren
Easem i ency Agreements | needs |
o ENts across nterag work (e.g. Pine Shared use hington Office |
vate & use |angs Assess & to do the = of « Washif )
| * Tribes ang Id Ridge road crew : (direction from
[ Producers capo i1d on equipment bal level |
ITBC & NGO’ wells continually build © . Asoattr
relationships with tribes
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SD Scenarios: Action Timelines: Black-Footed Ferret

Present Near-term Long-term

Concerns i
Trigger: over fire :‘:wn Hall”
-> Prairie dog and prairie eeting
towns contract dog mgmt.
>20% in 2 //’\
consecutive externally
surveys (Acres) . Talkto e
permittees In_ternally_ _ Trigge™: | —_—
* Site-specific _ prairie
NEPA dogs fail ©
expand

Continual
monitoring
- of prairie ‘ Continual -

dog towns - Monitoring
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SD Scenarios: Action timelines: Infrastructure

Present Near-term Long-term
l_——________ ____'___'__,_-— ||
Emergency \ e —
fundin surveys )
Survey g"" — I;ralf_*ct
| . egins
| T”EEE'I": |
| Nereased pypjjc | ~— | Bidding/award
. | -
Environmental e — . sup y; | ‘ -
assessment - }' Pressyre | Alternative
begins Significant l{ tation
decrease in transpo
safety= plans / buses
K
incident(s)
— Accelerated Project
— \ compliance review [
Trigger: III Environmental

', puttress || assessment completion

I| fails \ / re-evaluation

I| L___________ﬂ i |

l

Detour
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